In the present study the effects of contaminating proteinase activities in commercially available preparations of chondroitinases and keratanase were tested upon the histochemical results obtained by their digestion procedures. Tissue sections from the ear and tracheal cartilages, aorta, umbilical cord and cornea of mammals were subjected to staining procedures after prior digestion with the enzyme solutions with or without proteinase inhibitors.
In the present study the effects of contaminating proteinase activities in commercially available preparations of chondroitinases and keratanase were tested upon the histochemical results obtained by their digestion procedures. Tissue sections from the ear and tracheal cartilages, aorta, umbilical cord and cornea of mammals were subjected to staining procedures after prior digestion with the enzyme solutions with or without proteinase inhibitors.
In a substantial number of tissue sections examined, the addition of proteinase inhibitors to the enzyme solutions appeared to suppress the decline in intensity of the staining reaction induced by the enzyme digestions.
These results are taken to indicate that the commercially available preparations of chondroitinases and keratanase contain significant amounts of contaminating proteinases. When these enzyme preparations are employed as histochemical reagents the addition of proteinase inhibitors to the enzyme solutions is indispensable for precise localization of the enzyme substrates in tissues.
In the histochemistry of mucopolysaccharides, several enzyme preparations have been employed as histochemical reagents, such as testicular hyaluronidase (5,15-17, 24), Streptomyces hyaluronidase (1, 12, 16, 17, 19, 20, 24) , chondroitinases (1, 2, 18, 21, 22) and keratanase (25) . As a result of histochemical studies using these enzymes, the localizations of their substrates have been precisely determined in a variety of connective tissues. Of these commercially available enzymes, however, preparations of chondroitinases and keratanase were biochemically shown to contain significant amounts of contaminating proteinases (11), and their proteolytic effect on proteoglycans was shown to be abolished by the addition of appropriate proteinase inhibitors to the enzyme solutions employed (10). Thus, it seems desirable to check the effects of such contaminating proteinase activities on the histochemical results obtained by combined enzyme digestion and staining procedures.
In the present study, attempts have been made to examine the effects of added proteinase inhibitors in chondroitinase and keratanase solutions for histochemical digestions upon the staining reactions of the tissue sections containing the substrates of the enzymes. The results obtained reveal that the addition of proteinase inhibitors to the enzyme solutions is indispensable for precise histochemical localization of the substrates of the enzymes in tissues.
MATERIALS AND METHODS

PREPARATION OF TISSUE SECTIONS:
In the present study, organs which are known to contain substantial amounts of the substrates of chondroitinase ABC and AC and keratanase from different mammalian species were employed. Thus, ear cartilage (rabbit), tracheal cartilage (rabbit and rat), aorta (monkey and pig), umbilical cord (human being and pig) and cornea (rabbit and rat) were used. Tissue specimens from these organs were fixed at 4°C for 24 to 48 hr in either 1 % cetylpyridinium chloride (CPC) in 10% formalin (7, 15) or 2 % calcium acetate in 10% formalin (4) . After fixation, these tissue specimens were dehydrated in an ethanol series of ascending concentrations, cleared in xylene and embedded in paraffin. On a sliding microtome, sections were cut at a thickness of 4 to 6 ,um and affixed to glass slides. Sections were then deparaffinized in xylene, hydrated through graded ethanol series and subjected to the following histochemical procedures for the demonstration of mucopolysaccharides.
STAINING PROCEDURES:
The following four types of histochemical staining methods were employed :
(1) Alcian blue (AB) pH 1.0 procedure for the demonstration of sulfated mucopolysaccharides (6). (A) Digestion with chondroitinase ABC Prior to the staining procedures listed above, sections were subjected to digestion with chondroitinase ABC (10). Sections were incubated in an enzyme solution containing proteinase inhibitors [1 ml of 0.1 M Tris-HC1 buffer (pH 8.0) containing 30 mM sodium acetate, 100 ,ug bovine serum albumin (BSA), 10 mM disodium ethylenediamine tetraacetic acid (EDTA), 10 mM N-ethylmaleimide, 5 mM phenylmethanesulphonyl fluoride (PMSF), 0.36 mM pepstatin and 1.5 unit of chondroitinase ABC (23, 25) ]. Within this enzyme mixture, EDTA, Nethylmaleimide, PMSF and pepstatin were employed as inhibitors of proteinases, whereas BSA was used as a substrate of proteinases so as to consume the activities of the contaminating enzymes. In order to test the effects of contaminating proteinase activities in the chondroitinase ABC preparation upon the histochemical results obtained by digestion with the enzyme, some sections were incubated in the enzyme solution without proteinase inhibitors. The results obtained by digestion with the enzyme solution without proteinase inhibitors were compared with those obtained by digestion with the enzyme solution containing proteinase inhibitors. In all cases of digestions, the incubation of tissue sections in the enzyme solution was performed at 37°C for 1.5 hr.
(B) Digestion with chondroitinase AC Prior to the staining procedures listed above, sections were subjected to digestion with chondroitinase AC (10) . Sections were incubated in the enzyme solution which contained the same quantities of the same components as those in the chondroitinase ABC solution, except that chondroitinase ABC was replaced by chondroitinase AC (chondroitin AC II lyase) at an activity concentration of 1.0 unit/ml and the pH of Tris-HC1 buffer was 7.4 instead of 8.0 (23, 25) . As in the case with digestion with chondroitinase ABC, some sections were incubated in the enzyme solution without proteinase inhibitors, so as to test the effects of contaminating proteinase activities of the chondroitinase AC preparation upon the histochemical results obtained by digestion with the enzyme. The results obtained by digestions with the enzyme solutions with or without proteinase inhibitors were compared with each other. In all cases of digestions, the incubation conditions such as the duration and temperature were identical with those for digestion with chondroitinase ABC.
(C) Digestion with keratanase Sections were subjected to digestion with keratanase (8, 9), before being stained according to the procedures listed above. Sections were incubated in the enzyme solution which contained the same quantities of the same components as those in the chondroitinase ABC solution, except that chondroitinase ABC was replaced by keratanase at an activity concentration of 1.0 unit/ml (23, 25) . As in the cases with digestions with chondroitinases ABC and AC, some sections were incubated in the enzyme solution without proteinase inhibitors in order to test the effects of contaminating proteinase activities of the keratanase preparation upon the histochemical results obtained by digestion with the enzyme. The results obtained by digestions with the enzyme solutions with or without proteinase inhibitors were compared. In all cases of digestions the incubation conditions such as the duration and temperature were identical with those for digestion with chondroitinase ABC.
(D) Control procedures for the enzyme digestion experiments
For the three types of the digestion experiments with the enzyme solutions with or without proteinase inhibitors (A, B and C), two types of control procedures were performed; (1) some tissue sections were kept intact without being subjected to any incubation procedures in enzyme solutions and (2) other tissue sections were incu-bated in appropriate buffer solutions without enzymes under incubation conditions comparable to those for the enzyme digestion experiments.
RESULTS
In the present study, the following histological structures were used for microscopic observations : the intercellular matrix, lacunar borders and chondrocyte cytoplasm (ear and tracheal cartilages), intima and media (aorta), arterial and venous walls and stroma (umbilical cord) and substantia propria (cornea).
I Results obtained with digestion experiments employing chondroitinase ABC
The effects of digestions with chondroitinase ABC solutions with or without proteinase inhibitors upon the AB pH 1.0, AB pH 2.5, HID and LID reactions were studied in the tissues of ear cartilage (rabbit), tracheal cartilage (rabbit and rat), aorta (monkey and pig) and umbilical cord (human being and pig).
In the ear and tracheal cartilage tissues, the effects of digestion with the enzyme The reaction of the corneal tissues is apparently weaker in intensity, as compared with that in Fig. 4a .
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Cornea of rabbit stained with AB pH 1.0 following digestion with keratanase solution without proteinase inhibitors.
The reaction of the corneal tissues is even weaker in intensity than that in Fig. 4b . x 46 solution with proteinase inhibitors upon the staining reactions were not varied significantly in degree as compared to those with the enzyme solution without proteinase inhibitors. However, the AB pH 1.0 reaction of the rabbit ear (Figs. la, l b, i c) and tracheal cartilages and the AB pH 2.5 reaction of the rabbit and rat tracheal cartilages were exceptional, and in these reactions the addition of proteinase inhibitors to the enzyme solution resulted in an apparent suppression of decline in intensity of the reactions. In the aorta tissues, the effects of digestion with the enzyme solution with proteinase inhibitors upon the staining reactions were of a slighter degree than those with the enzyme solution without proteinase inhibitors.
In particular, these findings were most outstanding in the AB pH 1.0 and HID reactions of the aorta tissues (Figs. 2a, 2b, 2c) , of all the types of staining reactions examined. In the umbilical cord tissues, the effects of digestion with the enzyme solution with proteinase inhibitors upon the staining reactions were, in general, apparently slighter in degree, as compared with those with the enzyme solution without proteinase inhibitors. The only exception for these was the AB pH 2.5 reaction of the human umbilical cord, in which the addition of proteinase inhibitors to the enzyme solution did not yield any noticeable effects.
II Results obtained with digestion experiments employing chondroitinase AC
The effects of digestions with chondroitinase AC solutions with or without proteinase inhibitors upon the four types of staining reactions were studied in the tissues of the organs which were identical with those employed in I.
In the ear and tracheal cartilage tissues, the effects of digestion with the enzyme solution with proteinase inhibitors upon the staining reactions did not vary significantly in degree from those with the enzyme solution without proteinase inhibitors. The AB pH 1.0 reaction of the rabbit ear and rat tracheal cartilages and the AB pH 2.5 reaction of the rabbit ear cartilage were found to be exceptions, and in these reactions the addition of proteinase inhibitors to the enzyme solution gave rise to a notable suppression of decline in intensity of the staining reactions. In the aorta tissues, the addition of proteinase inhibitors to the enzyme solution failed to induce any marked suppression of decline in intensity of the staining reactions, except for the AB pH 1.0 reaction of the monkey and porcine aorta and the AB pH 2.5 reaction of the porcine aorta. In these reactions, the addition of proteinase inhibitors to the enzyme solution apparently suppressed the decline in intensity of the reactions. In the umbilical cord tissues, the effects of digestion with the enzyme solution with proteinase inhibitors upon the staining reactions were, in general, appreciably slighter in degree than those with the enzyme solution without proteinase inhibitors (Figs. 3a, 3 , 3c) . The only exceptions for these were the AB pH 2.5 and HID reactions of the human umbilical cord, in which the addition of proteinase inhibitors to the enzyme solution failed to yield any notable effects.
III Results obtained with digestion experiments employing keratanase
The effects of digestions with keratanase solutions with or without proteinase inhibitors upon the four types of staining reactions were studied in the tissues of ear cartilage (rabbit), tracheal cartilage (rabbit and rat) and cornea (rabbit and rat).
In the ear and tracheal cartilage tissues, the effects of digestion with the enzyme solution with proteinase inhibitors upon the staining reactions were similar in degree to those with the enzyme solution without proteinase inhibitors. There were practically no exceptions at all throughout the reactions of the cartilage tissues examined. In the corneal tissues of the rat, the addition of proteinase inhibitors to the enzyme solution nearly failed to suppress the decline in intensity of the staining reactions. In the corneal tissues of the rabbit, in contrast, the addition of proteinase inhibitors to the enzyme solution led to an apparent suppression of the decline in intensity of the staining reactions (Figs. 4a, 4b, 4c) .
Throughout all the enzyme digestion experiments performed in the present study, the control tissue sections kept intact without any incubation procedures in enzyme solutions were found to exhibit staining reactions which were similar in intensity to those obtained in the control tissue sections incubated in buffer solutions without enzymes.
DISCUSSION
In previous biochemical experimentations employing commercially available preparations of chondroitinases and keratanase (10), four types of proteinase inhibitors (EDTA, N-ethylmaleimide, PMSF and pepstatin) were added to the solutions of the enzyme preparations, and such an addition has been shown to abolish the proteolytic effects of contaminating proteinases of the preparations on proteoglycans (10) . According to a recent review by Ichishima (3), proteinases can biochemically be classified into four groups; serine, cysteine, metal and aspartic proteinases. The four proteinase inhibitors employed in the previous biochemical experimentations (10) (EDTA, N-ethylmaleimide, PMSF and pepstatin) are believed to act as specific inhibitors for metal, cysteine, serine and aspartic proteinases, respectively (3). In the present study, these four types of proteinase inhibitors were added to the solutions of chondroitinase ABC and AC and keratanase preparations employed as histochemical reagents for the digestion of respective substrates in tissues sections. In view of the data of the recent biochemical analysis of contaminating proteinases in the commercially available preparations of mucopolysaccharidases employed in the present study (11), the addition of the four types of proteinase inhibitors to these preparations should have greatly suppressed or abolished the activities of contaminating proteinases. In line with such considerations, in the present study, the addition of the four types of proteinase inhibitors together with BSA (a substrate of proteinases) to the solutions of mucopolysaccharidases has been shown to significantly suppress the declines in intensity of staining reactions induced by the enzyme digestions in substantial numbers of the tissue sections examined.
Based upon the results obtained in the present study, it may be stated conclusively that the addition of proteinase inhibitors to the solution of the commercially available preparation of either chondroitinase ABC or AC, or keratanase is indispensable for the precise histochemical localization of the substrates of the enzymes. In foresight of the results obtained in the present study, the proteinase inhibitors together with BSA were previously added to the solutions of chondroitinase and keratanase preparations in the course of developing and establishing the enzyme digestion techniques prescribed by the present authors (23, 25 
